The income effect predicts that an unexpected wealth windfall should immediately and permanently increase consumption. As an illustrative example, the marginal propensity to consume (MPC) out of windfalls roughly equals the discount rate in an infinite-horizon model with complete markets.
1 If markets are not complete, the MPC may considerably exceed the discount rate (Carroll 1992 (Carroll , 1997 .
In this paper, we present empirical evidence that the short-run MPC with respect to 401(k) capital gain windfalls may actually be negative. At year-end 2001, 401(k) accounts contained $1.75 trillion owned by 45 million workers (Holden and Vanderhei 2003) . Using administrative data on 40,000 401(k) accounts, we calculate idiosyncratic capital gains in the cross-section that do not forecast future returns. Standard theory predicts that a cross-sectional regression of consumption growth on these orthogonal capital gains shocks will identify only a positive income effect, since the standard substitution effect should be inoperative. Contrary to theory, we estimate a negative short-run MPC.
At first glance, this result appears to be quite perverse. However, our results represent a natural generalization of an old idea: investors chase returns. Several authors have shown that return-chasing influences asset allocation (e.g., Patel, Zeckhauser, and Hendricks 1994 , Benartzi 2001 , Goetzmann and Massa 2004 . We are the first to show that return-chasing also plays a role in consumption decisions. 2 High transitory past investment returns encourage (naïve) households to invest more in the short-run and therefore consume less.
Although the main thrust of our paper is empirical, we also show that combining reinforcement learning with the standard economic model can reconcile our results with the positive MPC estimates found in prior consumption studies. Reinforcement learning models have had success in predicting subject choices in experiments (Roth and Erev 1995 , Erev and Roth 1998 , Charness and Levin 2003 . In our context, reinforcement learning encourages saving in response to high returns and discourages saving in response to low returns. Even though the standard income effect is operative, it is more than offset by the reinforcement effect in this particular case, yielding a negative MPC.
The outline of the paper is as follows. Section I describes our data. Section II lays out our empirical methodology. Section III presents our main results and reconciles them with the previous literature. Section IV considers two broad classes of objections to our results. The first is that people adjust their consumption along margins that our consumption measure does not capture. The second is that our results are driven by wealth shocks outside of the 401(k) that we do not observe. We find no evidence to support these objections. Section V concludes.
I. Data description
Our data come from a large benefits administration and consulting firm. We have panel data for five companies that start when our data provider became the plan administrator at each firm and end at year-end 2000. These data contain the date, amount, and type of every transaction made in the 401(k) plans by every participant. In addition, we have cross-sectional snapshots of age, annual salary, date of hire, gender, marital status, 401(k) asset allocations, and elected 401(k) contribution rates as of year-ends 1998, 1999, and 2000 for those actively employed at the companies on those dates. Table 1 gives summary statistics as of year-end 2000 for our companies, which we codename Company A through E. Our sample consists of large firms that span a wide range of industries. The employees are on average 42.9 years old and earn $55,292 a year. By comparison, the March 2001 Current Population Survey reports an average age of 40.8 years and average salary of $45,656 among full-time workers in companies employing over 1,000 workers and offering some kind of retirement plan. The average 401(k) participation rate across the firms is 79%, which is close to the 2000 national participation rate of 80% found by the Profit Sharing/401(k) Council of America (2001), and the average balance of participants is $65,964, which is similar to Holden and Vanderhei's (2001) reported average year-end 2000 balance of $61,207 among plans with more than 10,000 participants.
All of our companies offer matching contributions ranging from 25 cents to a full dollar for each dollar contributed to the 401(k) by the employee up to a threshold, although Company C did not introduce its match until 2000. All of the plans allow participants to take hardship withdrawals from and loans against their 401(k) plan balances, and two allow non-hardship withdrawals from current contributions. These provisions make 401(k) savings in the companies we study more liquid than for the 401(k) participant population at large. 3 Finally, all of the plans allow changes to the elected contribution rate and asset allocation on a daily basis. Changes can be made by talking to a benefits center representative on the phone during business hours, or by using a touch-tone phone system or the Internet 24 hours a day. The direct transaction costs involved in changing one's savings rate in these plans are therefore minimal.
II. Empirical methodology
Our empirical objective is to estimate the relationship between an orthogonal wealth shock in year t and consumption growth from year-end t -1 to year-end t. The key assumption underlying our analysis is that consumption adjustments are observable through changes in the 401(k) contribution rate. This assumption is plausible: most households should be doing nearly all of their saving in the 401(k) because the employer match (for the plans in our data) and tax benefits make the 401(k) plan the most attractive savings vehicle available. Consistent with this normative view, among 401(k)-holding households earning between $20,000 and $70,000 a year in the 2001 Survey of Consumer Finances-a sample roughly comparable to the one we will use in our analysis-the median household has less than one month's income in net financial assets outside the 401(k). 4 It is only at the 80th percentile that households have one year's income outside the 401(k), and this probably overstates outside asset holdings in our sample since the generosity of our 401(k) plans' early withdrawal and loan provisions substantially mitigates the need to maintain a precautionary stock of wealth outside the 401(k). We will, however, explore the possibility that the 401(k) contribution rate is not the savings adjustment margin in section IV.
Normalizing by income, our reduced-form expression for an individual's consumption growth from year t -1 to year t is 3 The U.S. Department of Labor (2003) reports that in 2000, 40% of full-time employees with savings and thrift plans in private industry were not allowed to take early in-service withdrawals for any reason, and an additional 29% could only take hardship withdrawals. The Profit Sharing/401(k) Council of America (2001) reports that 14% of plans did not permit loans in 2000. 4 On the assets side, we include CDs, bonds, savings bonds, publicly traded stock, mutual funds, cash value life insurance, other managed accounts, transactions accounts, non-401(k) pension accounts, and miscellaneous assets. For liabilities, we subtract credit card debt, non-home-equity lines of credit, business loans, education loans, other consumer loans, margin loans, loans against life insurance policies, loans against non-401(k) pension accounts, and car loans. 
where C t is annualized consumption flow during the last pay cycle 5 of year t, Y t-1 is annualized salary flow during the last pay cycle of year t -1, and Shock t is the wealth shock in dollars accrued from the beginning to the end of year t. The main coefficient of interest is β 1 . If we use the simplification that a wealth shock changes consumption by a constant fraction of that shock each subsequent period, then we can interpret β 1 as the one-year marginal propensity to consume out of wealth. β 2 should equal zero if consumption responds to wealth innovations without a lag, as is commonly assumed in theory.
We transform this expression in order to make the dependent variable identifiable from our data. Let S t be the 401(k) savings/contribution rate. We assume that
(1 )
where k is a constant that represents consumption funded by income earned outside the company or savings outside the 401(k). Substituting this expression into (1) and simplifying yields ( )
We add the before-tax and (if the plan offers the option) after-tax 401(k) contribution rates in effect for the last pay cycle of 1998, 1999, or 2000 to calculate S t in each of these years.
Note that there are at most three consumption observations per individual, which translates into a maximum of two consumption growth observations for each employee. Y t is set to annualized salary in the last pay cycle of year t in January 1998 dollars, assuming that salary during a calendar year is paid in nominally equal amounts each pay cycle and deflating by the monthly CPI series.
Constructing our key independent variable, the 401(k) wealth shock, is more complicated. Simply calculating the annual change in 401(k) balances would not generate a valid measure of the type of wealth shock that we are trying to identify. Much of the annual change in account balances is generated by payroll contributions to the plan, and these contributions should not be counted as wealth shocks because they are merely transfers from human wealth to financial wealth. 6 We could subtract annual 401(k) contributions from the change in 401(k) balances to isolate the change in balances that is due to capital gains (or losses). But a portion of these capital gains is expected and thus, in theory, should not affect consumption growth. We must therefore isolate the unexpected component of capital gains. With these considerations in mind, we define the wealth shock accrued over a year as the difference between the realized and expected dollar denominated capital gain in each asset, summed over all assets.
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We calculate capital gains in the standard manner: for each asset, we multiply monthly percent returns by the participant's dollar holdings at the end of the prior month, and then add up across months and assets. 8 In order to compute expected capital gains, we must measure expected percent returns. We use two different proxies. The first measure, the "typical return," is defined for two asset classes: equities (including employer stock) and bonds. The typical return for an asset class in a particular company during a particular month is the average return that 401(k) participants of that company realized in that asset class during that month. 9,10 Therefore, the typical return wealth shock is the difference between what the participant actually gained from holding a fund during the month and what he would have realized had he instead held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The typical return is motivated by the intuition that the deviation of a mutual fund's return from the contemporaneous average return in its asset class-the "typical" return-is unforecastable.
We call our second expected-return measure the "adaptive return" because it assumes that the expected return for a mutual fund is equal to its asset class's lagged ten-year return.
11 Graham and Harvey (2003) and Vissing-Jorgensen (2003) report survey evidence that stock 6 More explicitly, human wealth can be seen as the present value of all future labor income. Each paycheck is a dividend that diminishes human wealth by the same amount it increases financial wealth. The employee can choose to consume this dividend and diminish total wealth, or save it and keep total wealth unchanged. 7 We have also estimated the regressions simply using realized capital gains as the wealth shock measure, and our results are qualitatively unchanged. 8 Assets are defined at the level of individual mutual funds and employer stock holdings. Dollar holdings are deflated by the same monthly CPI series used to deflate income, Y t . 9 The average is taken over participants with holdings in the relevant asset class. Returns on lifestyle/pre-mixed or balanced funds, which hold pre-specified proportions of equities and bonds, are not used to calculate the typical returns. However, typical equity and bond returns are combined in the appropriate proportions to form expected returns for lifestyle/pre-mixed and balanced funds. 10 If the plan offers only one fund in a particular asset class-not an unusual situation for bond funds-then expected returns and realized returns will always be the same in that asset class and the wealth shock arising from holding this asset class is always be zero. It is for this reason that we do not compute typical returns for cash funds; no plan in our data offers more than one cash fund.
market return expectations comove positively with recent market returns. Benartzi (2001) presents survey evidence that expectations of employer stock returns are highly correlated with lagged employer stock returns. Vissing-Jorgensen (2003) , Benartzi (2001) , and Choi et al. (2003) show that asset allocation patterns are consistent with these stated beliefs. Table 2 gives the indexes used to measure the eleven lagged asset class returns. Note that we have much finer asset class categories for this measure than for typical returns.
To illustrate how our wealth shocks are calculated, suppose that there are only two funds available to investors. Fund A's expected return is 1% this month, and Fund B's expected return is 2%. Fund A actually returns 3%, and Fund B actually returns -3%. Investor 1 had $3,000 in Fund A and $1,000 in Fund B at the end of the prior month; Investor 2 had $1,000 in Fund A and $1,000 in Fund B. Then Investor 1 receives a $3,000 × (3 -1)% + $1,000 × (-3 -2)% = $10 wealth shock this month, while Investor 2 receives a $1,000 × (3 -1)% + $1,000 × (-3 -2)% = -$30 wealth shock this month. We sum monthly wealth shocks to form the annual wealth shock for each investor.
The identifying variation in our wealth shocks comes from both cross-sectional variation in unexpected fund returns and cross-sectional variation in the dollar amounts individuals invested in each fund at the beginning of the period. It is important to recognize that our estimation relies upon the size of an individual's wealth shock relative to other individuals' contemporaneous wealth shocks. This means that the identifying variation in the wealth shock is completely uninformative about future returns; in the previous paragraph's example, Investor 1 should make no inference about future returns from the fact that his wealth shock is $40 higher than Investor 2's wealth shock.
In general, consumption growth is expected to be non-zero even in the absence of a wealth shock because of intertemporal substitution motives. Furthermore, the utility function may shift predictably with demographic variables, causing changes in consumption expenditures.
If our wealth shock measures were orthogonal to all information useful for predicting utility function shifts, expected asset returns, and the elasticity of intertemporal substitution, we could ignore those factors in our regressions. We believe that our typical return wealth shock comes close to meeting this criterion in population. However, funds idiosyncratically outperform or underperform in sample, so our wealth shock measures may be correlated with other variables 11 We have also run our regressions using one-year lagged returns, and our results are qualitatively unchanged.
that predict both consumption growth and fund choices. In light of these considerations, we modify (3) to arrive at our final regression equation,
where X t-1 is a vector of demographic variables intended to control for demographically-related consumption shifts. We discuss the variables included in X t-1 at the end of this section.
We take two different approaches to estimating equation (4). First, we stack our data across time periods and use a tobit to account for the fact that 401(k) contribution rates cannot be negative or exceed the plan maximum. If S t is the plan's maximum contribution rate or S t-1 is zero, the observation is considered left-censored; if S t is zero or S t-1 is the maximum contribution rate, the observation is considered right-censored. We also estimate (4) allowing the intercept term α to vary by individual using an OLS difference estimator.
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The sample for our tobit regressions is limited to employees who have been actively employed at the firm and enrolled in the 401(k) plan for at least two complete consecutive calendar years between 1998 and 2000. We include employees whose contribution rate or plan balances are zero, provided that they had positive balances at some time in the past. We also require that individuals have salaries greater than $20,000 in year t -1 because a large fraction of those with salaries under $20,000 are part-time employees. 13 In addition, we trim observations where one-year income growth is above 30% or below -20%, which roughly corresponds to removing the top 2% and bottom 2% of the income growth distribution. 14 These deleted outliers are usually caused by changes in labor force participation that did not entail complete separations from the firm.
Finally, we drop individuals if their salary is high enough in year t -1 that they could exceed the $10,000 annual limit on before-tax 401(k) contributions by contributing at the plan's 12 A natural extension of our empirical strategy would be to estimate a fixed-effects tobit. Because of an incidental parameters problem, such an estimation is not possible using maximum likelihood methods. Honoré (1992) presents a semiparametric approach to estimating censored models with fixed effects. The fact that our data are censored at both the left and the right necessitates the use of the least absolute deviations version of Honoré's estimator. Unfortunately, there is considerable theoretical ambiguity about how standard errors for this estimator should be computed. Therefore, we have not pursued this avenue. 13 In the March 2001 Current Population Survey, 29.9% of workers who earned less than $20,000 a year worked less than 35 hours a week or fewer than 40 weeks per year. Only 5.6% of workers earning between $20,000 and $30,000 a year satisfied this definition of part-time work. 14 We have also run our regressions trimming the top 1% and bottom 1% of income growth, as well as the top 5% and bottom 5% of income growth. Those results are qualitatively similar to the ones presented in the tables. For our regressions incorporating employee-level fixed effects, we require that 1998 salary be above $20,000 (thereby eliminating part-time workers, as explained above). We also require that the employee be actively employed and continuously enrolled in the 401(k) plan from January 1, 1998 to December 31, 2000. The cutoffs we use to trim salary growth outliers and workers with high salaries in 1998 remain the same as in the original tobit sample. This leaves us with 54,054 observations on 27,027 employees in the fixed-effects sample. We estimate a separate set of typical returns for the fixed-effects regressions using this sample.
16
For the tobit regressions, we include age, age squared, log of salary in 1998 dollars, and log of tenure at the company, all as of year-end t -1, in the demographic vector X t-1 .
Additionally, we include company-year dummies. When running the employee fixed-effects regressions, we must change the set of explanatory variables. First, we must eliminate age because it increases linearly and is thus not separately identified. Second, we interact the company dummies with only one year dummy.
15 Deferred compensation plans are subject to bankruptcy risk; if the employer declares bankruptcy, the employee can lose his entire deferred compensation balance. We eliminate participants in Company A's deferred compensation plan from our sample. 16 We have run the tobit regressions on the fixed effects sample and found no substantive differences in our results. Table 3 reports summary statistics for our consumption growth and normalized wealth shock measures in the tobit sample. Consumption growth has a median of 1.0% of income, exhibits slight positive serial correlation, and is skewed right. Both normalized wealth shock measures have a median close to zero and a relatively narrow distribution. The 10th percentile of the normalized typical return wealth shock is a loss of 11.9% of a year's income, and the 90th percentile is a gain of 8.9% of a year's income. The spread is wider for the normalized adaptive wealth shock; the 10th and 90th percentiles are separated by 50.4% of annual income. We will show that this amount of variation in wealth shocks is sufficient to produce precise estimates of the MPC. Both normalized wealth shocks are ex post negatively serially correlated. This serial correlation is sample-specific and arises from the persistence of individual asset allocations and the fact that the stock market did well in the first half of our sample and poorly in the second half. This should not be interpreted as evidence that current wealth shocks are informative about future wealth shocks.
III. Main results

A. Regression estimates
17 Table 4 presents the coefficients from estimating equation (4). The first row shows that all four MPC estimates are negative and statistically significant. The point estimates range from -0.37% to -1.82%, which means that a positive wealth shock equal to one year of income will contemporaneously decrease annualized consumption flow by 0.37% to 1.82% of yearly income.
There is no consistent evidence that consumption increases with a lag in response to positive wealth shocks. The second row shows that three of the four lagged response estimates are negative, and the only significantly positive estimate of 1.05% is counterbalanced by significantly negative estimates of -0.53% and -1.85%.
The reader may be concerned that these results are not driven by active savings responses to wealth innovations, but rather reflect completely passive participants whose income growth happens to be correlated with wealth shocks in sample. 18 To address this concern, we have also estimated the main regressions setting the income adjustment term in the dependent variable to zero, so that we are only measuring active contribution rate changes, S t-1 -S t . (These results are not reported in the tables.) All four of our contemporaneous MPC estimates remain negative, two are statistically significant at the 1% level, and one is statistically significant at the 5% level.
The certainty-equivalence lifecycle model predicts that the MPC is higher (more positive)
for the old than the young, since the young have a longer remaining lifespan over which to spread consumption of a windfall. This motivates our estimation of separate MPCs for those who are under 30 years old, between 30 and 39, between 40 and 49, between 50 and 59, and 60 or above, while constraining the other regression coefficients to be equal across age groups. The results are in Table 5 , where we have omitted coefficient estimates for the non-shock variables.
We find that the MPC does increase almost monotonically with age, but even the oldest participants do not exhibit a positive MPC. For example, the first column of Table 5 reports the results for a tobit regression using the typical return wealth shock as the wealth shock variable.
For this model, we estimate an MPC of -3.04% for employees under 30 and an MPC of -0.38%
for employees over 60. The corresponding employee fixed effects regression yields an estimate of -11.33% for those under 30 and -0.87% for those over 60. The lagged MPC does not exhibit a consistent age-based pattern for the tobit regressions, but it does increase close to monotonically with age when estimated using employee fixed effects.
Overall, there is no compelling evidence that anomalous MPCs are restricted to a particular subset of the population. 19 If our results simply reflected reallocation between outside assets and the 401(k), or if outside wealth shocks were contaminating our estimates, then we would expect to find positive MPC estimates among the young, who are the least likely to own non-401(k) assets. Instead, the young have the most negative MPCs. If negative MPCs were simply a pathology of inexperienced investors that disappears in the long run, we would expect to see positive MPC estimates among the old. But in our data, even the oldest employees have negative MPCs.
In the long run, consumption and wealth are tied together by the budget constraint. If in the short run, 401(k) investors' consumption growth comoves negatively with wealth shocks, when does consumption catch up to wealth? A plausible answer is that consumption moves 18 See Samuelson and Zeckhauser (1988) , Madrian and Shea (2001) , and Choi et al. (2002 and for evidence on participant inertia in 401(k) plans. 19 We have also run regressions interacting Shock t and Shock t-1 with both age and salary on the theory that higherpaid workers are more sophisticated and therefore more likely to conform to neoclassical predictions. Contrary to expectations, salary has a negative effect on contemporaneous MPC, while age continues to have a positive effect. There is no consistent pattern for the interaction of age and salary with Shock t-1 .
towards wealth in retirement, either through a higher consumption rate during retirement or an earlier retirement date. Table 5 presents evidence that suggests that at least the latter is happening. We take employees who were at least 60 years old at year-end 1999 and run a probit on the probability that these employees left the company in 2000. (Overall, 50.4% of this population left in 2000.) The dependent variables are normalized wealth shock in 1999 and 1998, company dummies, and age, log of salary, and log of tenure at year-end 1999. Using typical returns, positive wealth shocks significantly increase the probability of leaving; at the mean of the explanatory variables, a one standard deviation increase in the 1999 wealth shock raised the probability of leaving by 2.7 percentage points. Using adaptive returns, there is no statistically significant wealth effect, but the point estimates are economically large; a one standard deviation increase in the 1999 wealth shock raised the probability of leaving by 1.1 percentage points, and a one standard deviation increase in the 1998 wealth shock raised the probability of leaving by 5.1 percentage points. These results are consistent with the findings of Hurd and Boskin (1984) , Holtz-Eakin, Joulfaian and Rosen (1993), Imbens et al. (2001) , and Sevak (2003) . (See, however, Burtless (1984) and Krueger and Pischke (1992) , who find no wealth effect on labor supply.)
B. Interpretation and Reconciliation with Past MPC Estimates
Our estimates are in sharp contrast to past empirical research that has found positive MPCs out of cash windfalls and aggregate stock market movements. We square our results with these previous findings by interpreting negative MPCs as the consequence of reinforcement learning working in opposition to the standard income effect. Roth and Erev (1995) Reinforcement learning reconciles all of the evidence on MPCs:
• The Law of Effect predicts that if a consumer experiences a gratifyingly high return from her savings activity, she will allocate more resources to savings and less to consumption. This behavior is a generalization of the phenomenon commonly referred to as returns-chasing, where investors reallocate money to assets that have recently experienced high returns while holding total savings fixed. The Law of Effect is offset by the income effect, which pushes the investor to cut her savings. In our data, the reinforcement effect appears to dominate the income effect, causing the MPC to be negative even though the returns from which the MPC is identified convey no information about future returns.
• The Power Law of Practice is consistent with our finding that the young-whose stock of past reinforcements is the smallest-have the most negative MPCs, since they are the most swayed by the Law of Effect and have the smallest income effect.
• When financial investment does not causally precede windfalls, there is no reinforcement to invest more and only the income effect is operative. Hence, the MPC out of war veteran payments and Holocaust reparations range from 17% to 97% (Bodkin 1959 , Kreinin 1961 , Landsberger 1966 ).
• The income effect increases proportionally with the size of the windfall, whereas the reinforcement effect levels off due to the Power Law of Practice. Therefore, the MPC out of large lottery prizes (Imbens et al. 2001 ) is 86%.
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• Reinforcement learning-and hence negative MPCs-should be less prevalent among agents who are more sophisticated than the 401(k) investors in our sample. We also expect that the sophisticated are, on average, richer than the unsophisticated. Therefore, aggregate consumption growth comoves positively with aggregate stock market movements because sophisticates do most of the consuming in the economy.
Consistent with this hypothesis, Starr-McCluer (2002) finds that households with more than $250,000 in stockholdings were much more likely than poorer stockholders to report that the 1990s bull market caused them to increase their spending.
IV. Robustness checks
In this section, we further consider possible objections to our results. Subsections IV.A through IV.D test the possibility that the 401(k) contribution rate is not the relevant consumption adjustment margin for the people in our data. Subsection IV.E discusses and tests the effect of non-401(k) wealth shocks on our results. We find no evidence that weakens the force of our main result. Of the 28 MPC estimates presented in this section, 26 are negative, and 15 of these are statistically significant. None of the two positive point estimates are statistically significant, and they are each an economically negligible 0.04%.
A. The 401(k) is not the relevant margin for consumption adjustment
Our MPC estimate hinges on the assumption that the 401(k) contribution rate is the margin at which participants adjust their savings rate. If participants find it worthwhile to adjust savings through contributions to other asset accounts, then the 401(k) contribution rate response to retirement wealth shocks may be offset by activity elsewhere.
We test this alternative explanation by restricting our tobit sample to participants who at year-end t -1 were contributing less than the threshold to which their employer would provide matching contributions. Analogously, we restrict our employee fixed-effects sample to those who were contributing less than the match threshold at year-end 1998. These participants face instantaneous marginal returns to saving in their 401(k) of 25% to 100%. It is difficult to imagine that there are alternative investment vehicles that offer comparable risk-free returns. Therefore, these employees have especially strong incentives to adjust their consumption expenditures exclusively through their 401(k) contribution rate.
21 Because Company C did not have a match until 2000, its participants are excluded from this analysis.
The results of this regression are found in Table 7 . The tobit estimates of the MPC are attenuated but still negative at -0.11% and -0.01%. In contrast, the two employee fixed effect estimates are more negative than in the baseline regression and statistically significant at -2.40%
and -1.57%. Among the lagged MPC estimates, three out of the four are negative.
Participants may also respond to positive wealth shocks by purchasing a home. Because mortgage payments cover both the rental flow of housing services and the purchase of home equity, the home becomes a savings vehicle. The amount of money that goes towards home equity could come out of the 401(k) contribution rate, thus creating a spurious negative MPC estimate. In order to check for this possibility, we restrict our tobit sample to those whose zip code didn't change between t -1 and t, and we restrict our individual fixed effects sample to those whose zip code didn't change between year-end 1998 and year-end 2000. The results in 21 One might be concerned that the bulk of the participants who are contributing less than the match threshold are new employees whose employer matches will not vest for a long time. If such employees have a high probability of leaving the firm before their vesting begins, this restricted sample would not face significantly higher marginal Table 8 show that all four MPC estimates are negative, three are statistically significant, and the fourth barely misses significance (p = 0.06). Three of the four lagged MPC estimates are negative, two of them significantly so.
B. Consumption adjustment is occurring through spouse's 401(k)
401(k) accounts may be the most attractive savings vehicles available to the employees in our data, but the 401(k) accounts we see in our data may not be the only ones available to them.
The employee's spouse's 401(k) may be more attractive and hence the one that attracts the marginal dollar. Alternatively, the consumption changes we measure may only reflect reshuffling of assets between the two 401(k) accounts. We test this story in our tobit regressions by restricting the sample to participants who were unmarried at t -1. For the individual fixed effects regressions, we restrict the sample to participants who were unmarried at year-end 1998.
Because we do not have marital status data on employees at Company D, they are excluded from this analysis. The regression results are presented in Table 9 . We find that all four MPC estimates are negative: two of them are significant at the 1% level, one at the 5% level, and one at the 10% level. Three of the four lagged MPC estimates are negative, and two of these negative estimates are statistically significant.
C. Consumption adjustment is occurring through in-service withdrawals
We have been identifying changes in consumption through changes in the contribution rate and salary. However, participants may be making their consumption expenditure adjustments through in-service withdrawals from their 401(k) instead. In practice, this is unlikely to be a significant factor, given that only 4.9% of our tobit sample made any in-service withdrawals from the beginning of 1998 to the end of 2000. The main complication with a withdrawals analysis is the difficulty of assigning a time period to the consumption stream. At one extreme, one can assume that withdrawals are rolled over into another tax-deferred account and not consumed until the future, in which case withdrawals don't matter at all for our analysis.
At the other extreme, one can assume that the entire withdrawal is consumed immediately. An intermediate case is to assume that the withdrawal is annuitized and consumed slowly over time.
incentives to save in the 401(k). However, it turns out that only 8.0% of those in the restricted tobit sample are not vested at all at year-end 1998, while 81.2% are fully vested (the rest are partially vested).
We estimate regressions with two different assumptions about the timing of withdrawal consumption. Because withdrawals are infrequent events, we do not use a two-week measure of consumption as we did in the main analysis. Instead, we use yearly consumption, defined as the year's total income plus withdrawals consumed minus 401(k) contributions. We assume either that all withdrawals net of rollovers into other accounts are consumed in the year of the withdrawal, or that 5% of a withdrawal net of rollovers is consumed each year starting in the year of the withdrawal. 22 Withdrawals before age 59½ are assessed a 10% early withdrawal penalty. The dependent variable in our regressions is the year-over-year change in consumption normalized by prior year salary. The explanatory variables remain the same as in the previous regressions, as do the income, income growth, and plan enrollment restrictions.
In the tobit regressions, we consider an observation left-censored if in year t, in-service withdrawals net of rollovers equals zero and the individual contributed the maximum allowable given his or her salary and plan contribution rate limits. In other words, the individual could not have saved any more in the 401(k) plan during the year. Conversely, an observation is considered right-censored if the above criteria are satisfied for year t -1. An observation is also considered right-censored if total balances in the plan at the end of year t plus rollovers in year t equals zero. That is, the individual could not have funded any more consumption from the 401(k). If these conditions are satisfied in the lagged year, the observation is considered left-censored.
Assuming that the entire net withdrawal is consumed in the year of the withdrawal generates implausibly large outliers in consumption growth. These are caused by large withdrawals that were not directly rolled over into another asset account by the 401(k) administrator. It is unlikely that such large sums were entirely consumed in one year. Therefore, we trim measured consumption growth in the top 1% and bottom 1%, which corresponds to constraining consumption growth to lie between -18.5% and 34.7%. We do not trim the dependent variable in the regressions that assume that the withdrawals are annuitized. Table 10 presents the results when we assume that net withdrawals are consumed immediately, and Table 11 presents the results when we assume that net withdrawals are annuitized. 6 out of the 8 MPC estimates are negative, including both statistically significant estimates. The magnitude of the two positive estimates is an economically trivial 0.04%. 2 out of the 8 lagged MPC estimates are negative, and 2 out of the 5 significant lagged estimates are negative. We conclude that accounting for in-service withdrawals cannot generate a positive MPC out of 401(k) wealth shocks.
D. Consumption adjustment is occurring through 401(k) loans
Withdrawals are not the only way to access money from one's 401(k) account; one can also take out a 401(k) loan for up to 50% of vested plan balances or $50,000, whichever is lower. Although a significant fraction of our population has a 401(k) loan, we do not believe that accounting for loans would capture significant consumption flow changes that are not already being measured by the contribution rate. Sundén and Surette (2000) find that only 8.5% of loans are used to finance non-durable consumption. 54.5% are used for durable expenditures on housing or cars, 21.6% are used for "bill consolidation" that is simply a reshuffling of liabilities, and 9.6% are used for education expenses. If durables are the most important consumption outlet for loans, then the consumption flow from durable purchases is approximately matched by the repayment schedule for the loan. If participants have only minimal liquid assets outside of their 401(k) (why would they need a loan otherwise?) and spend the entire amount of the loan (it is costly to withdraw more than one plans on spending because of the foregone tax benefits), then these repayments must be coming from either reducing the 401(k) contribution rate and hence increasing measured consumption, or from reducing other consumption flows by the amount of the loan repayments, leaving total consumption unchanged. Although the coordination between loan repayments and consumption from the loan is unlikely to be perfect-for example, the purchased durable could completely depreciate in three years, while the loan is paid off over five years-we believe that the measurement error from disregarding loan activity is of second order.
Moreover, the error induced by timing mismatches distorts the magnitude of MPC estimates, but it cannot explain why all of our MPC estimates are negative. To see this, suppose that a positive wealth shock induces an employee to take out a loan and purchase a durable that yields a constant consumption flow for three years and then ceases to exist. The loan is paid off over five years, and this repayment is funded by a decrease in the 401(k) contribution rate. Then in the year after the inception of the loan, the increase in consumption is underestimated by the change in the contribution rate. However, we would not measure an actual decrease in consumption through the contribution rate. Similar logic applies if the durable lasts for longer than the term of the loan; the consumption change is overestimated but does not take the wrong sign.
E. Outside wealth shocks
The measures of wealth shock presented above are calculated only within the 401(k), but theory calls for a comprehensive wealth shock measure. Most participants-particularly the young, for whom we estimate the most negative MPCs-do not have significant financial wealth outside the 401(k). For those who do have significant outside financial assets, to the extent that outside assets' return shocks are uncorrelated or positively correlated with the shocks within the 401(k), our MPC estimates will be unbiased or positively biased. Using typical returns to measure wealth shocks, we would expect a positive correlation if, within each asset class, individuals' investments outside the 401(k) are similar to those inside the 401(k). Using adaptive returns, we would expect a positive correlation if both inside and outside assets load positively on beta risk.
Even though 401(k) participants generally have few financial assets outside of their 401(k), many of them have a significant non-financial asset-owner-occupied housing-whose return we do not observe. In order for housing wealth shocks to qualitatively affect our results, the surprise component of any real wealth innovation that occurs through housing must be negatively correlated with the surprise component of 401(k) wealth innovations. This seems unlikely to be true, particularly when considering typical return wealth shocks.
Nevertheless, to mitigate the possible effect of housing price changes, we conduct two tests. In Table 12 , we present regression results where we have added dummy variables for the employee's state of residence interacted with year dummies to the baseline specification in equation (4). This allows us to control for state-level variation in real estate price appreciation. In Table 13 , we present regression results using the baseline specification of equation (4) In both tables, all of our MPC point estimates are negative, 5 of the 8 significantly so, and there is little evidence of attenuation of the MPCs relative to the baseline estimations. 6 of the 8 lagged MPC estimates are also negative. Admittedly, our ability to control for housing wealth is limited because of the nature of our data. However, in those tests that we are able to conduct, we find no evidence that would call our central result into doubt.
V. Conclusion
We have presented evidence that the short-run MPC out of orthogonal 401(k) capital gains shocks is negative, in violation of standard theory. Moreover, the magnitudes of some of these negative estimates are quite large, especially for the young. Our results suggest that many investors are influenced by a reinforcement learning heuristic that leads high capital gains to encourage saving and discourage consumption, even when those capital gains are not useful for predicting future returns. This reinforcement learning framework reconciles our results with past work that has estimated positive MPCs out of cash windfalls and aggregate stock market movements. 
Table 3. Consumption Growth and Normalized Wealth Shock Distributions
This table presents summary statistics on consumption growth and the two measures of wealth shock for the sample used in the tobit regressions in Table 4 . Consumption growth is defined as the year-over-year change in consumption in the last pay cycle of December, normalized by income in the last pay cycle of the prior year (see equation (4)). The normalized typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year and normalized by prior-year annual income. The normalized adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes (Table 2) , normalized by prior-year annual income. The distributions shown are for yearly consumption growth from year-end 1998 through year-end 2000, and wealth shocks from 1997 to 2000. Serial correlation is computed only over those participants who were active in the plan from the beginning of 1998 to the end of 2000. 
Table 4. Regression of Consumption Growth on Normalized Wealth Shock
The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. Y t-1 is inflationadjusted salary paid in year t -1. Age t-1 is the participant's age at the end of t -1. The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. In the tobit regressions, the dummy variables (n 1 ≤ Age < n 2 ) are equal to 1 if age at the end of t -1 falls in the specified range; in the individual fixed-effects regressions, the variables are equal to 1 if age at year-end 1998 falls in the specified range. Y t-1 is inflation-adjusted salary paid in year t -1. σ is the estimated standard deviation of the latent variable's disturbance term in the tobit regressions. Coefficients for age, age-squared, log of tenure, log of salary, and company-year dummies are omitted. Standard errors are in parentheses. The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. In the tobit regressions, we exclude those individuals whose t -1 contribution rate is greater than or equal to the threshold to which the employer will match contributions. In the employee fixed-effects regressions, we exclude those individuals whose year-end 1998 contribution rate is greater than or equal to the threshold to which the employer will match contributions. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. Y t-1 is inflation-adjusted salary paid in year t -1. Age t-1 is the participant's age at the end of t -1. The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. In the tobit regressions, we exclude those individuals whose residential zip code changes between t -1 and t. In the employee fixedeffects regressions, we exclude those individuals whose residential zip code changes any time between year-end 1998 and year-end 2000. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. Y t-1 is inflation-adjusted salary paid in year t -1. Age t-1 is the participant's age at the end of t -1. The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. In the tobit regressions, we exclude those individuals who were married as of the end of t -1. In the employee fixed-effects regressions, we exclude those individuals who were married at any time between year-end 1998 and year-end 2000. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The dependent variable is year-over-year change in annual consumption, normalized by annual salary in the prior year. We assume that 5% of a withdrawal from the 401(k) net of rollovers is consumed each year starting in the year of the withdrawal. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. Y t-1 is inflation-adjusted salary paid in year t -1. Age t-1 is the participant's age at the end of t -1. Tenure t-1 is the number of years since original hire at the end of t -1. σ is the estimated standard deviation of the latent variable's disturbance term in the tobit regressions. Coefficients for company-year dummies are omitted. Standard errors are in parentheses. The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. The regressions include year dummies interacted with dummies for state of residence, the coefficients of which we do not report. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. Y t-1 is inflation-adjusted salary paid in year t -1. Age t-1 is the participant's age at the end of t -1. The dependent variable is year-over-year change in consumption in the last pay cycle of December, normalized by salary in the last pay cycle of the prior year. The first two columns present coefficients from a tobit estimation, and the second two columns present coefficients from a least-squares regression with employee fixed effects. In the tobit regressions, we exclude those individuals who, at the end of year t -1, lived in a zip code whose owner-occupied housing units as a fraction of total housing units is in the top two-thirds of our sample. In the employee fixed-effects regressions, we exclude those individuals who, at the end of 1998, lived in a zip code whose owner-occupied housing units as a fraction of total housing units is in the top twothirds of our sample. Shock t is defined in two ways. The typical return wealth shock is the difference between the capital gain actually realized by the participant in a fund and what he would have realized had he held the same amount in a representative basket of mutual funds in the fund's asset class, summed over all funds and months in a year. The adaptive wealth shock is the difference between the capital gain actually realized by the participant and what he would have realized had the returns on his funds equaled the ten-year lagged average returns of the funds' respective asset classes. Y t-1 is inflation-adjusted salary paid in year t -1. Age t-1 is the participant's age at the end of t -1. Tenure t-1 is the number of years since original hire at the end of t -1. σ is the estimated standard deviation of the latent variable's disturbance term in the tobit regressions. Coefficients for company-year dummies are omitted. Standard errors are in parentheses.
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